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Continental slope ecosystems represent one of the major reservoirs 
of benthic marine life that could be a source of biodiversity for 
continental shelves and deeper basins (Danovaro et al., 2009). 
Topographic settings, hydrodynamic forcing including extreme 
events, mass and energy transfer through the water column and the 
biogeochemical characteristics of the deep-sea floor play a key role 
in promoting and sustaining high biodiversity along margins. 
However, knowledge remains limited, particularly in remote 
environments such as those found in the far North; a reason why 
understanding patterns and drivers of deep biodiversity along 
Europe’s margin lies at the heart of HERMIONE’s research. Among 
the crosscutting themes that are being investigated by the project, 
the close study of episodic events impacting slope and canyon 
ecosystems caught the attention of a group of partners that had 
previously largely focussed their efforts on lower latitudes. 
Crossing the need for a better understanding of biodiversity in arctic 
environments with the interest of examining the various facets of a 
very exciting hydrodynamical process – namely the cascading of 
dense shelf waters that becomes now familiar to HERMIONites – 
led these teams to launch an ambitious experiment on the impact of 
high-latitude cascading on arctic benthic biodiversity. Initiated by 
Universitat de Barcelona (UB), the Centre National de la Recherche 
Scientifique (CNRS-CEFREM, Perpignan) and the Consorzio 
Nazionale Interuniversitario per le Scienze del Mare (CoNISMa-ULR 
Ancona), and strongly backed by Universititet i Tromsø (UiT), this 
experiment also attracted scientists from the Consejo Superior de Investigaciones Científicas (CSIC, IDÆA, Barcelona) and 
the Consiglio Nazionale delle Ricerche (CNR-ISMAR, Bologna).
As many HERMIONE members now know, cascading of dense shelf waters (DSWC) is a seasonal process that results from 
the formation of dense water by cooling and/or evaporation, which sinks downslope towards the deep ocean. The process is 
present on many continental margins around the world (Ivanov et al, 1999), but the environmental effects of this process have 
mainly been studied in the Gulf of Lions and the Adriatic continental margins of the Mediterranean Sea (Durrieu de Madron 
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Figure 1. Location of Storfjorden at the south of the Svalbard islands, 
an area of dense water formation. The yellow arrow indicate 
theoretical path of the cold dense plume (brine-enriched shelf water, 
BSW) inferred from physical models (Colour image courtesy of MODIS 
Rapid Response Project at NASA/GSFC).
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et al., 2005; Canals et al., 2006; Heussner et al., 2006; 
Trincardi et al., 2007). 
There, DSWC occasionally – i.e. one or twice per 
decade – displaces, within a period of a few weeks, huge 
amounts of organic-matter-rich, sediment-laden water 
masses that efficiently transfer matter and energy from 
the continental shelf and the upper ocean layers to the 
deep basin. These abrupt changes in environmental 
conditions have an immediate effect on deep-sea 
ecosystems (Company et al., 2008). With these results in 
mind, the “cascading” team decided to look for other 
environments where cascading occurs, with the idea of 
comparing magnitude of the process and importance of 
the impact.
The continental shelf of the Arctic Ocean conceals a high 
potential for dense water formation. Storfjorden (Fig. 1), 
in the Svalbard Archipelago, is a well-documented site 
where production of dense shelf water occurs (Fer et al., 
2003). Dense, brine-enriched shelf water is produced through ice formation and subsequent brine rejection in a recurring 
polynya. However, the pathway of this flow of dense water has been only numerically modelled (Fer and Adlandsvik, 2008). 
The results show shelf waters overflowing the sill and turning westwards in Storfjordrenna, before flowing northward 
along the continental slope. When density excess is sufficient, dense water eventually cascades deep into the Fram Strait.
Last summer, a multidisciplinary team left Tromso onboard “Jan Mayen”, the UiT oceanographic vessel, heading for 
Longyearbyen on the Svalbard islands (Fig. 2). The short (20-26 July 2010) but intense cruise was intended (i) to perform a 
high-resolution bathymetry of the study area, (ii) to conduct CTD profiling of the main water masses, (iii) to sample 
sediments (box-coring), and (iv) to deploy instrumentation. These different jobs were completed at four selected stations 
(Fig. 3). The mooring lines equipped with current meters, thermo-salinometers and sediment traps were deployed at 
depths of 1,000 m (station A), 1,250 m (Station D), 1,500 m (station B) and 2,000 m (Station C). Aimed at collecting data 
(1-h sampling interval) and trap samples (1-month interval) over a complete annual cycle, these lines will be recovered in 
summer 2011. 
Two box-cores were collected at each stations and one extra station at 500 m (station E) was even included. Each box-core 
was sub-sampled to investigate: (i) the abundance and biodiversity of the biotic components at the seafloor, i.e. prokaryotes 
(Bacteria and Archaea), meiofauna and viruses, (ii) the 
quantity and quality of sedimentary organic matter (in 
terms of pigment, protein, carbohydrate and lipid 
content) as well as organic matter degradation 
activities by prokaryotic assemblages, (iii) 
sedimentological and geochemical characterization, 
including grain size analyses, porosity and water 
content, radioisotopic dating (210Pb), major 
constituents (organic matter, calcium carbonate, 
biogenic silica and lithogenics), X-ray fluorescence, 
isotopic analyses of organic matter (13C and ∂15N), 
and (iv) organic geochemistry comprising pollutants 
(organochlorine compounds) and organic biomarkers 
for paleoceanographic studies.
Thanks to “excellent” sea conditions and to the top 
organization of the cruise, this first episode was a great 
success. Everybody is now anxiously awaiting the 
second round, next summer, during which all our 
efforts will be successfully paid back.
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Figure 2. Post-cruise cold photo. Longyearbyen (Svalbard Islands). Participants: (left 
to rigth) Stephane Kunesh (CEFREM), Antoni Calafat (UB), Jacques Carbonne 
(CEFREM), Jurgen Mienert (UiT, chief scientist), Gian Marco Luna (CoNISMa), Silvia 
Bianchelli (CoNISMa), David Huertas (CSIC), Ruth Durán (UB), Anna Sanchez-Vidal 
(UB) and Leonardo Langone (ISMAR)
Figure 3. Multi-beam bathymetric map of the selected area for the study of the effects 
of DSWC in the deep basin. Location of research stations: A (1.000 m), B (1,500 m), 
C (2,000 m), D (1,250 m), and E (500 m).
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The month of October is not a perfect time for carrying out offshore research cruises in the Barents Sea. Returning to 
shore with great results at this time of the year is a therefore a true blessing. Together with ten guests from seven countries, 
scientists from the Institute of Marine Research (IMR) headed out with RV G. O. Sars for the Lophelia reefs off northern 
Norway. The main aim of this four-day cruise was to map coral communities and to monitor changes within three study 
areas: Lopphavet, Sørøya and Korallen. Twelve reefs were studied using the tethered video platform Campod. This 
instrument is equipped with high-definition and standard-definition video cameras, a current meter, CTD and turbidity 
meter. These reefs were studied by IMR using visual techniques and multibeam echo sounder during three earlier cruises; 
the first in 2006. The northernmost study area, “Korallen” is also home to the northernmost reefs in the world.  
The reefs in this region are generally well developed and in “good condition”. The largest reefs are up to c. 500 m long and 
around 30 m tall, with large parts completely covered with live Lophelia. However, at some of these reefs, signs of fisheries 
damage are very evident. Deep scars from trawl doors, lost trawl gear and gill nets, and flat areas with crushed coral have 
been observed at the Korallen reef. On the same reef there are also areas with short colonies of Lophelia and Paragorgia 
(gorgonian tree-like coral) of a uniform size, indicating re-growth after damage. Based on the type of trawl gear observed 
and the size of the re-growth colonies combined with assumed growth rates, most of the damage is thought to be older 
than 10 years. The Korallen Reef was protected against bottom trawling in 2009.
North of Korallen we found a completely destroyed dead reef, with small coral fragments and trawl wires visible. Here, we 
did not observe any re-growth. This may be an example of the horrible stories of deliberate down-cutting of Lophelia-reefs. 
This practice was not very common, and has hopefully stopped completely in Norway after the law from 1999 made it 
illegal to damage known coral reefs on purpose.
The analyses of the imagery collected over the four last years continue, and the prospect of distinguishing natural changes 
in the coral communities from the effects of physical damage caused by fishing seems great.
Reefs at the edge:  
Studying effects of destructive fishing at the 
northernmost reefs in the world
Pål Buhl-Mortensen and team, IMR, Norway
Above: Trawl gear, wire and gillnet at the Korallen Reef.
Above left: Redfish and lost gillnet at the Korallen Reef.
Left: Cruise participants (l-r): Ragni Olssøn (IMR), Guarani de Hollanda Cavalcanti 
(PetroBras, Brazil), Marianne Nielsen (IRIS, Norway), Rut Pedrosa Pamies (UB, Spain), 
Autun Purser (JUB, Germany), Merete Kvalsund (IMR), Pål Buhl-Mortensen (cruise 
leader, IMR), Lorenzo Angeletti (ISMAR, Italy), Astrid Strunk (Århus Universitet, 
Denmark), Lena Uldal Hansen (Århus Universitet, Denmark), Jakob Hauschildt (JUB, 
Germany), Abigail Pattenden (National Oceanography Centre, UK), Claire Armstrong 
(UiT, Norway).
In October-November 2010, five HERMIONITES (Lydia Beuck, André Freiwald, Tomas Lundälv, Marco Taviani and Claudia 
Wienberg) took part in a cruise with the German R/V Maria S. Merian to the Mauritanian margin (Cruise No. MSM 16-3), 
with the main task of investigating 
occurrences of cold-water corals in this 
area. Earlier cruises had demonstrated the 
occurrence of vast carbonate structures, 
both in the form of mounds and massive 
ridges, measuring up to tens of miles in 
length. Sampling of these structures with 
box cores and grab samples had revealed 
that they were largely composed of 
skeletons of the cold-water coral 
Lophelia pertusa, but only a few live coral 
polyps had been observed. A major task 
for the present cruise was thus to acquire 
a better understanding of the present 
status of cold-water corals off Mauritania, 
as well as to obtain material (long 
sediment/box cores and 
ROV-samples/images) permitting studies 
of biodiversity and the past history of 
CWC ecosystems in the area.
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Fascinating new insights into Mauritanian 
cold-water coral habitats
Tomas Lundälv (UGOT) and team
Pink colonies of Lophelia pertusa and Madrepora oculata  growing together with gorgonian 
corals and giant clams (Acesta excavata) on rock consisting of fossilised coral remains. The 
picture illustrates well the dense fish populations often attracted by the presence of 
3D-structures on the seafloor. Photo: Tomas Lundälv, University of Gothenburg.
ROV watch! From left to right: Claudia Wienberg, Lydia Beuck, Hildegard Westphal (cruise leader), 
André Freiwald and Tomas Lundälv. Photo: Marco Taviani, ISMAR – CNR.
A primary tool for the first of these tasks was 
access to an able ROV, and for this the Sperre ROV 
”Wally”, from the University of Gothenburg, was 
chosen. Although normally operated from the small 
(12 m) R/V Lophelia, it turned out that this relatively 
small ROV was also able to do an excellent job from 
the immensely larger and top modern research 
vessel Maria S. Merian. The ROV was equipped with 
three video cameras, including one newly installed 
high-definition camera, a high-resolution still 
camera, sonar, CTD, laser scaler, manipulator and 
sample box. A total of 12 full-day ROV-dives were 
undertaken, resulting in over 60 hours of HD-video, 
over 3000 still photographs and a large number of 
samples for genetics, taxonomy, stratigraphy and 
geological analysis.
The ROV-dives soon revealed that the Mauritanian 
margin is still home to flourishing cold-water coral ecosystems at depth levels between 400 - 650 m, with Lophelia pertusa 
and Madrepora oculata as the dominating hermatypic species, but also with areas of rich ”coral gardens”, dominated by 
octocorals! Coral habitats were found both in several of the many canyons traversing the Mauritanian shelf and on the 
extensive and complicated carbonate ridges stretching along much of the southern Mauritanian margin.  It also seemed 
clear, however, that corals have experienced better times in this area. In the present-day situation, the richest coral habitats 
were restricted to certain depth levels and situations with increased benthic relief, but there were also large areas 
dominated by dead coral rubble, with only small and scattered live coral colonies. A somewhat astonishing observation was 
a relatively high degree of species overlap between Mauritania and Scandinavian CWC-ecosystems, e.g. notably with dense 
populations of the giant clam Acesta excavata. Several interesting species associations, unknown from other CWC 
ecosystems, were observed. For example, a Coralliophilinae gastropod was observed predating on Lophelia and Madrepora 
corals, a trochid snail was frequently observed grazing in coral habitats, and a specific branched bryozoan (reminiscent of 
Christmas decorations) seemed to be closely associated to Lophelia coral colonies.  The organism group that differed most 
from more northern CWC ecosystems was probably the fish populations. The Mauritanian shelf is known as one of the 
richest fishing grounds in the world, 
as a consequense of the dominating 
offshore winds that create upwelling 
and highly eutrophic conditions. Many 
fascinating and exotic fish species 
were observed during the ROV dives. 
The rich fishing grounds also create 
concerns with respect to the future 
situation for the coral habitats on the 
Mauritanian margin. A large number 
of large fishing vessels from nations all 
over the world were observed 
actively fishing in the area, and some 
of the coral habitats investigated by 
the ROV were seen to be heavily 
impacted by trawl gear, although the 
impacts as yet seemed to be of 
limited extent. It is to be wished for, 
that a proper mapping of the most 
sensitive areas can be accomplished, 
and that measures protecting the 
benthic habitats can be put in place 
before it is too late!
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A pink colony of Lophelia pertusa with branched bryozoan often seen associating with the coral. Small red 
colonies of gorgonians (Swiftia rosea?) and cerianthid anemones in the foreground. Photo: Tomas Lundälv, 
University of Gothenburg.
Launching of the Sperre ROV from Maria S. Merian. Photo: Steffen Hetzinger, 
IFM-GEOMAR
In August 2010, a team of researchers from 
IMAR/DOP - University of the Azores set 
off onboard NRP Almirante Gago Coutinho 
to explore the deep-sea communities of the 
Condor and Açor Deamounts in the Azores.  
The cruise was financed by the CoralFISH 
and CONDOR projects and aimed at 
investigating the statistical relationships 
between abundance and diversity of fish and 
deep-sea habitats, particularly those hosting 
corals. Several investigators working on the 
HERMIONE project participated in the 
cruise, which received further support from 
the Portuguese Task-Group for the 
Extension of the Continental Shelf (EMEPC), 
providing the ROV Luso and its operational 
team. Two invited researchers from the 
National Laboratory for Energy and Geology (LNEG) participated in the cruise to advance the geological description of 
the sites and exploit the usefulness of the data collected to other disciplines.
Habitat classification and mapping
Dives with the ROV Luso on the Condor 
Seamount revealed two types of coral 
gardens at different depths. The deepest 
garden (900-1000 m depth) was 
dominated by the gorgonian Candidella sp. 
and the shallowest (200-400 m depth) was 
dominated by Dentomuricea sp. and 
Viminella flagellum (fig. 1). The sandy areas 
of the seamount flank were characterized 
by the presence of large aggregations of 
the glass sponge Pheronema carpenteri 
(a.k.a., bird nest sponge) (fig. 2) and cidarid 
urchins.  An interesting observation during 
the deepest dives was the occurrence of 
xenophyophores – a group of giant marine 
protozoans, that despite being 
single-celled, construct sedimentary 
aggregates in excess of 10 cm diameter.
The southern reaches of the Açor 
seamount also proved to be a very 
interesting study area with an abundance 
of tectonically-induced vertical cliffs 
reaching heights in excess of 300 m. 
Extensive deposits of scleractinian rubble 
were recorded on the talus of the cliffs 
investigated, but no living scleractinian 
colonies were found. Samples were 
collected for dating the coral rubble 
deposits and identify possible causes for 
the scleractinian demise.
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Investigations and colonisation studies at the 
seamounts of the Azores
Marina Carreira-Silva and the University of the Azores team
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Figure 1. Gorgonian garden dominated by Dentomuricea sp. and Viminella flagellum at 227 m depth 
on the Condor seamount.
Figure 2.  Aggregations of the glass sponge Pheronema carpenteri (a.k.a., bird nest sponge) at 797 m 
depth on the Condor seamount.
Figure 3. Colonization modules deployed on the Condor seamount.
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During transits and in periods where 
the ROV was on deck, the two 
multibeam systems available on NRP 
Almirante Gago Coutinho were used 
to survey a total seafloor area of 
9,750km2, contributing to a better 
geomorphological description of the 
seamounts and neighbouring areas.
Colonization and bioerosion 
studies
During the cruise, colonization 
modules were also deployed on the 
Condor Seamount (fig. 3) in the 
scope of HERMIONE’s aim to study 
the interconnectivity between 
hydrothermal vent fields and 
seamounts in the Azores region. 
Similar structures were deployed 
later on in the beginning of September 2010 at the Menez Gwen hydrothermal vent field using the ROV Quest onboard 
RV Meteor. The deployment of a third set of colonization devices at the Lucky Strike hydrothermal vent field is 
programmed for October 2010 with the ROV Victor 6000 onboard the RV Pourquois Pas?
Impact of longline fisheries
The video data collected during this cruise will be further analysed to describe and quantify the impact of longline fisheries 
on benthic communities with regard to other fishing methods such as bottom trawling and hand-line. The two seamounts 
revealed different levels of fishing activities. The Açor Seamount showing signs of being more fished when compared with 
the Condor Seamount. Physical impact from fisheries were attested on the Açor Seamount cliffs, with lost fishing lines and 
concurrent observations of recently broken hydrocorals (fig. 4).
Visitors & Media
While at the Condor Seamount, the research vessel was visited by the Portuguese Secretary of State for Defence and Sea 
Affairs, the Regional Secretary for the Environment and the Sea and by the Chair of the Association of Producers of 
Demersal Fish of the Azores (APEDA), who represents the Azorean deep-sea fishing industry (fig. 5). The cruise was widely 
disseminated on local media as well as on nation-wide TV channels and newspapers.
(Continued from previous page)
Figure 5. Participants of the cruise posing in front of the ROV Luso: scientists, ROV crew, the captain of NRP Almirante Gago Coutinho and the chair of the APEDA 
fishermen association.
Figure 4. Lost fishing lines on the Açor seamount.
Deep-sea cold seeps are inhabited by diverse groups of animals. Although remote from the euphotic layer, and thus from 
photosynthetic primary producers, these ecosystems harbour high animal biomasses; orders of magnitude above 
biomasses reported in the deep sea. The key to this high productivity is chemoautotrophy, a type of metabolism by which 
many bacteria (and archaea) fix inorganic carbon into organic molecules using the chemical energy resulting from the 
oxidation of reduced compounds such as sulphides present in their environment. Methane can also be used as both a 
carbon and energy source by some bacteria. Although some animals simply eat these microorganisms, many of them 
choose to associate in symbioses with sulphur- or methane-oxidizing bacteria. The bacteria sustained provide nutrition, and 
in exchange gain a shelter and optimized access to their substrates (reduced compounds, oxygen). How these interactions 
have evolved multiple times in several animal and bacterial groups, how they begin and end, how they work and how they 
are maintained are exciting questions to answer for 
biologists. But to answer these questions, we first 
need to accumulate data on as many species as 
possible. This requires access to the ecosystems. 
Cold seeps in the Gulf of Mexico and their local 
chemosymbiotic animals for example, have been 
intensively studied. Thanks to European 
programmes MEDIFLUX, HERMES and HERMIONE, 
and to the several cruises linked with these projects, 
selected areas along European margins have been 
investigated, and chemosymbiotic species 
discovered. Comparative studies of marker gene 
sequences, electron and fluorescence microscopy, 
and stable isotope analyses are some of the 
techniques employed to reveal the secrets of these 
fascinating animals. 
Among symbiotic animals, the large tubeworms 
(Annelida: Siboglinidae) reaching metre-scale length 
are emblematic of deep-sea vents and seeps. In the 
eastern Mediterranean cold seeps, Lamellibrachia 
anaximandri is present and sometimes forms dense 
bushes (Fig. 1a). Gutless adults collected during the 
BIONIL cruise (2006) were recently shown to rely 
on dense populations of a symbiotic bacterium 
grown within a specialized organ (the trophosome, 
Fig. 1c). Bacteria eat reduced sulphur and fix 
inorganic carbon, ensuring most of the animal’s 
nutrition. Inside the animal, the inner side of its tube 
is occupied by dense populations of diverse bacteria 
with a variety of metabolisms (Fig. 1b). L. 
anaximandri is closely related to L. luymesi found in 
the Gulf of Mexico, but we still do not know if the 
two species are connected through intermediate 
populations.
The second group which has been investigated are 
the bivalves. At least five families are reported to be 
symbiotic with chemosynthetic bacteria. Of these, 
species from four families have been investigated 
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Figure 1. A: Lamellibrachia anaximandri inside a carbonate crust. B : scanning electron 
micrograph of coccoid-shaped bacteria on the inner surface of the L. anaximandri tube. C: 
fluorescent in situ hybridization of bacterial symbionts (pink) in the L. anaximandri 
trophosome. Nuclei of host cells appear in blue. D: Thyasira sp. EM. E: Myrtea sp. EM. F: 
transmission electron micrograph of sulphur-oxidizing bacteria localized in the gill of 
Myrtea sp. G: Petrasma from the Gulf of Cadiz. H: Idas sp. Med.
Symbioses between animals and 
chemosynthetic bacteria on European 
margins: summary of recent progress
Sébastien Duperron and Clara F. Rodrigues, UPMC, France
from eastern Mediterranean cold seeps and Gulf of Cadiz mud volcanoes. The most intriguing discovery was that of the 
small mytilid Idas sp. Med (Fig. 1h), repeatedly collected during cruises to the eastern Mediterranean cold seeps of the Nile 
Deep-sea Fan (NDSF). Idas was indeed shown to harbour six distinct bacterial symbionts including two sulphur- and one 
methane-oxidizing bacteria, as well as new bacterial types never before reported as symbionts. This species has a close 
relative in the Gulf of Cadiz, and another in the Gulf of Mexico, but these two only harbour a sulphur-oxidizing symbiont. 
The exact role and localization of the different symbiont types is currently under study. What makes the Mediterranean 
species different remains to be understood. Other families investigated recently include Lucinidae, Thyasiridae and 
Solemyidae. In these, an animal species usually harbours a single partner, which is a sulphur-oxidizing bacterium located in 
the gill tissue, inside host cells or attached to their outer surface. The Lucinidae Myrtea sp. sampled at 1700 m depth in the 
NDSF during the MEDECO cruise (2007) is unexpectedly a close relative of a shallow water species, and so are their 
symbionts (Figs. 1e, 1f). The Thyasiridae have been far less studied than other groups of chemosymbiotic bivalves, and the 
discovery of a close relatedness between Thyasira sp. from the NDSF (Fig. 1d) and T. flexuosa from coastal waters is also 
intriguing. How hosts and their symbionts evolved from shallow to deep waters (or the other way round…) will be an 
important question to answer. Solemyidae were not reported from the deep waters of the Atlantic and Mediterranean 
before their recent discovery in the Gulf of Cadiz and the NDSF (cruise MSM13_03). Symbioses are now documented in 
two species from the Gulf of Cadiz (Acharax n. sp. and Petrasma n. sp., Fig. 1g), and congruent host and symbiont 
phylogenies suggest host/symbiont co-speciation in this group, which is rather uncommon in chemosymbiotic bivalves. 
Other species, including members of the family Vesicomyidae, are present on European margins and are awaiting further 
study.
Overall, the programs MEDIFLUX, HERMES and HERMIONE are helping to fill a gap in our knowledge of chemosynthetic 
symbioses in animals from European margins. Data accumulated now allows fruitful comparisons with other 
well-documented seeps around the world, and interesting patterns are emerging. For example, several animals and their 
symbionts appear to be closely related to species occurring in the Gulf of Cadiz and Gulf of Mexico. To better understand 
these biogeographical patterns, we need to document connectivity at the genetic level and to assess dispersal capabilities 
of the various animal larvae and their associated bacteria. Colonization experiments are under way on European margins. 
Strong cooperation between taxonomists, ecologists, molecular biologists and microbiologists is the key to the success of 
this research. The multi-disciplinary panel of scientists from various institutes involved in the HERMIONE project provides 
an ideal context.
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The workshop “Challenges in the study of deep-sea ecosystems’ interconnectivity”, held 
at the Universidade de Aveiro (8-10 September 2010), gathered scientists from different 
areas of expertise in the HERMIONE community and others. The aims of this workshop 
were to review the current knowledge and identify scientific problems and research 
limitations to the study of deep-sea ecosystems’ connectivity focusing in two main 
themes: reproductive biology and methodologies. 
Theme 1- Reproductive Biology
The reproductive biology session included issues related to reproduction modes and 
larval biology. The study of life history traits is of fundamental importance to understand 
the establishment and maintenance of populations. However, its progress in deep-sea 
ecosystems has been relatively slow. There are major limitations related to the logistical 
challenges inherent to the temporal scales (days to years) of the biological processes and 
the spatial scales of the three-dimensional environment (up to thousands of km). In this 
session it was emphasized that the complete life cycle remains unknown for any deep-sea 
species, including not only early reproductive phases like gametogenesis, spawning and fertilization but also the larval stages 
of most species.
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Workshop report: 
Challenges in the study of deep-sea ecosystems’ 
interconnectivity
© Patricia Pochelon
(Continued overleaf)
It is now accepted that the initial concept of 
slow growth, long life and late reproduction 
does not apply to the deep-sea. Reproductive 
modes of deep-sea species include 
asynchronous and synchronous reproduction, 
rapid sub-annual reproduction, and it was 
observed that in many species the reproductive 
pattern is related to their phylogeny. The 
absence of a general depth-related pattern of 
reproduction led to the suggestion that future 
studies should focus on “model organisms” 
rather than “model species”. 
Recent studies on larval abundance, ontogenetic 
vertical migration, duration of embryonic and 
larval stages and morphological adaptations to extreme environments were reviewed and their importance for the 
dispersal potential and population connectivity in the deep-sea was discussed.
Theme 2 - Methodologies 
The second session of the workshop was dedicated to the methodologies available and approaches needed for 
connectivity studies, including the identification of larvae, phylogeographic models and oceanographic modelling.
Due to their minute size and distribution, marine larvae are difficult to collect and taxonomic identification to species level 
is hard to achieve. Several means for collecting larvae were discussed, including sediment and carrousel traps. Both 
morphological (using light and scanning-electron microscopy) and molecular approaches, such as in-situ hybridization and 
DNA microarrays, are needed to improve larva identification. It was also pointed out that quantitative measurements of 
larval diversity and abundance are important for recruitment studies and may be accomplished with next generation 
sequencing methods, like real-time PCR (Polymerase Chain Reaction).
Advances in molecular techniques as high-throughput sequencing, coupled with development of Bayesian methods 
implemented in a series of computer packages (Migrate_n, Im, MrBayes, Structure, GeneClass, Sweep_Bott), provide new 
opportunities to assess population migration models and demographic changes. Two complementary approaches can be 
used to infer ancient pathways of colonisation and the history 
of populations (sequence-based analyses), and present gene 
flow and contemporary patterns of population connectivity 
(allele frequency-based analyses). The results of ongoing 
phylogeographic studies were presented, including cryptic 
speciation in hydrozoans from the Gulf of Cadiz mud 
volcanoes, low genetic divergence in sponges from cold-water 
coral reefs separated by thousands of kilometres along the 
European margin, similarity between nematode assemblages 
found in cold seeps from the Egyptian and Equatorial 
West-Africa margins, and finally, phylogeographic relationships 
between hosts and symbionts in chemosynthetic habitats. 
The application of numerical models of ocean circulation as a 
tool to assess deep-sea larval dispersal and connectivity was 
also discussed. The major limitation for the use of this 
methodology in the deep-sea is the poor knowledge on larval 
biology and behaviour traits that are necessary to constrain 
the model and thus provide more realistic scenarios. 
Finally, the utilization of elemental fingerprinting as a deep-sea larval tracking tool was assessed, particularly for mollusc 
species. The origin of settled juveniles can be determined by analysing the microchemistry of their larval structures (e.g. 
mollusc shells, statoliths and fish otoliths) that are retained after settlement serving as geographic “tags”. Major constraints 
for the application of this technique are the gaps in the knowledge of the availability of elements and isotopes in time and 
space, and physiological and environmental controls of the elemental incorporation in the shells.
In summary, this workshop emphasized the need for more fundamental knowledge on larval biology and reproduction in 
order to apply interdisciplinary methods to study deep-sea population connectivity.
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(Continued from previous page)
BOX 1: Major outcomes of the workshop
1. The identification of gaps in knowledge; 
2. The establishment of collaborations between HERMIONE partners and 
other groups;
3. The identification of a case study area for future collaborative proposals 
on deep-sea ecosystems’ connectivity using a multidisciplinary approach.
Another important assert of this workshop was that the concept of 
connectivity must be clearly defined at the beginning of any and each 
study.
© Rita Nolasco
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Scientists from the European Union’s HERMIONE project (Hotspot Ecosystem Research and Man’s Impact on European Seas) 
have for the first time estimated the physical footprint of human activities on the deep seafloor of the North East Atlantic. The 
findings published in the journal PLoS ONE reveal that the area disturbed by bottom trawling commercial fishing fleets exceeds 
the combined physical footprint of other major human activities considered.
The deep seafloor (>200m) covers approximately 60% of Earth’s surface, but only a tiny fraction of it has been studied to date. 
Yet as technology advances and resources from relatively shallow marine environments are depleted, human impacts on the deep 
seafloor are likely to increase.   “Information on the location and spatial extent of human activities affecting the deep-sea 
environment is crucial for conservation of seafloor ecosystems and for governance and sustainable management of the world’s 
oceans,” said Angela Benn of the National Oceanography Centre Southampton, who led the study.  
The researchers focused on the OSPAR maritime area of the North East Atlantic, where human activities are particularly intense. 
The area covers over eleven million square kilometres, about 75 percent of which is deeper than 200 metres, and includes 
important fishing grounds such as those of Hatton and Rockall.  They looked exclusively at the physical footprint rather than the 
consequential ecological effects of disturbance, contamination and pollution, which are harder to ascertain. One difficulty that 
they faced was that of accessing data on human activities 
that was accurate, up to date and comprehensive, and in a 
suitable format for analysis.
“Some governments, public organisations, private 
companies and industry sectors were far more 
forthcoming with information than others. Issues of 
commercial confidentiality prevented access to important 
data” explained Benn. “Significant improvements are 
needed in data collection and availability, and this 
requirement needs to be built into international 
conventions and treaties with a legal framework in place 
to ensure informed environmental management.”
Despite difficulties and various uncertainties, the 
researchers’ assessment suggests that, although now 
banned, previously dumped radioactive waste, munitions 
and chemical weapons together have the lowest physical footprint of the human activities considered, although they do not 
consider potential dispersal after leakage. 
Non-fisheries marine scientific research also has a relatively small footprint, whereas those of fisheries marine scientific research, 
telecommunication cables and the oil and gas industry are moderate. However, even on the lowest estimates, the spatial extent 
of bottom trawling is at least ten times that for the other activities assessed, with a physical footprint greater than that of all the 
others combined.  The study estimated the total area of physical footprint in 2005 to be around 28,000 km2. However many 
human activities in the deep sea are concentrated in certain areas, particularly in shallower depths between 200 m and 1500 m, 
and in particular habitats which become disproportionally impacted. The OSPAR area comprises many different habitats each 
with different and diverse ecosystems.  The percentage impact in each of these habitats would provide important information but 
unfortunately there is virtually no detailed seabed mapping to provide this information.
 
As demands drive human activities ever deeper the imprint will become more widespread.  “Consequently,” argues Benn, “there 
needs to be a much greater understanding of the relative impacts of human activities on the deep seafloor, and in particular how 
these activities affect seafloor ecosystems and biodiversity.”      
Human Activities on the Deep Seafloor in the North East Atlantic: 
An Assessment of Spatial Extent
Benn AR, Weaver PP, Billet DSM, van den Hove S, Murdock AP, et al. (2010) Human Activities on the Deep Seafloor 
in the North East Atlantic: An Assessment of Spatial Extent. PLoS ONE 5(9): e12730. 
doi:10.1371/journal.pone.0012730
Above: Redfish (Sebastes sp.) are among those fish species threatened by fisheries 
impacts on cold-water coral reefs.  Image: Pål Buhl-Mortensen, IMR, Norway.
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The Håkon Mosby Mud Volcano (HMMV) is a methane seep that is densely populated by the bacteria Beggiatoa spp. as well as by 
tubeworms of the Family Siboglinidae. Analyses of samples from seven stations located in five different habitats (bare sediments, 
bacterial mats, siboglinid fields, sediments with small patches of siboglinids and areas of ‘normal’ sea floor) revealed differences in 
the density and species-level diversity of nematode communities. Total densities increased from stations inside the mud volcano 
and on its rim towards the ‘normal’ areas outside the volcano. Nematode species diversity was similar in samples from the 
siboglinid fields and the bare HMMV sediments. However, the sediment with patches of siboglinids collected outside the volcano 
was characterised by a diverse nematode community comprising 47 species, whereas the control sediments without siboglinids 
yielded only 27 species. The nema- tode assemblage at the bacterial mat site included only two identified species, Halomonhystera 
disjuncta and Sabatieria ornata, with H.disjuncta being strongly dominant. Terschellingia distlamphida, S. ornata and Aponema ninae 
dominated nematode communities at the siboglinid fields and in bare HMMV sediments. Species dominating at stations inside the 
caldera were found in comparable low densities in the sediment with siboglinid patches collected out- side the volcano, but were 
missing in the background samples, where species of Endeolophos, Acantholaimus and Desmoscolex were dominant. Species 
diversity generally decreased with sediment depth. A subsurface-dwelling nematode com- munity was observed in the siboglinid 
fields and the bare sediments. Back- ground sediments showed a sharp decline with 18–20 species at 0–2 cm versus three species 
at 3–5 cm sediment depth. The trophic composition of the nema- tode fauna at the HMMV showed a prevalence of deposit feeders 
at almost all stations, whereas background sediments exhibited a uniform distribution of non-selective and selective deposit 
feeders and epistrate feeders. The high per- centage of deposit feeders inside the mud volcano could be related to the grain-size 
distribution and the significantly higher bacterial biomass compared to the control sediments.
Nematode species distribution patterns at the Håkon Mosby Mud Volcano 
(Norwegian Sea) 
Portnova D, Mokievsky V & Soltwedel T (in press) Nematode species distribution patterns at the Håkon Mosby 
Mud Volcano (Norwegian Sea). Marine Ecology, doi: 10.1111/j.1439-0485.2010.00403.x
A new publication is in press regarding cold-water 
coral growth in the Gulf of Cádiz. The study is 
based on 40 Uranium-series datings obtained on 
the reef-forming scleractinian cold-water corals 
Lophelia pertusa and Madrepora oculata. The 
datings revealed that during the past 400 kyr their 
occurrence in the Gulf of Cádiz was almost 
exclusively restricted to glacial periods. This result 
strengthens the outcomes of former studies that 
coral growth in the temperate NE Atlantic 
encompassing the French, Iberian and Moroccan 
margins dominated during glacial periods, whereas 
in the higher latitudes (Irish and Norwegian 
margins) extended coral growth prevailed during 
interglacial periods. Thus it appears that the 
biogeographical limits for sustained cold-water 
coral growth along the NE Atlantic margin are 
strongly related to climate change. 
By focussing on the last glacial-interglacial cycle, this study shows that palaeo-productivity was increased during the last 
glacial. This was likely driven by the fertilisation effect of an increased input of aeolian dust and locally intensified upwelling. 
After the Younger Dryas cold event, the input of aeolian dust and productivity significantly decreased concurrent with an 
increase in water temperatures in the Gulf of Cádiz. This primarily resulted in reduced food availability and caused a 
widespread demise of the formerly thriving coral ecosystems. Moreover, these climate induced changes most likely caused 
a latitudinal shift of areas with optimum coral growth conditions towards the northern NE Atlantic where more suitable 
environmental conditions established with the onset of the Holocene.
Glacial cold-water corals growth in the Gulf of Cádiz: Implications of 
increased palaeo-productivity
Wienberg C et al. (in press). Glacial cold-water corals growth in the Gulf of Cádiz: Implications of 
increased palaeo-productivity. Earth and Planetary Science Letters, doi:10.1016/j.epsl.2010.08.017.  
Figure 1. 230Th/U datings conducted on cold-water coral fragments collected in the Gulf 
of Cádiz. AMS 14C ages presented by Wienberg et al. (2009) are implemented. Note 
that solely reef-forming species such as Madrepora oculata and Lophelia pertusa are 
considered showing that >90% of all coral ages coincide with glacial periods. Marine 
Isotope Stages are indicated by grey bars based on SPECMAP δ18O stack.
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In collaboration with the Secretariat of the CBD, the UNEP World Conservation Monitoring Centre (UNEP-WCMC) 
hosted a side event on Ocean Acidification at the 10th Conference of Parties to the Convention of Biological Diversity in 
Nagoya, Japan.  During the event, an expert panel provided policy relevant key messages and information on the science of 
ocean acidification, observed and predicted impacts of chemical changes in the ocean on marine and coastal biodiversity, 
and meaningful response options for policy makers.
With support from HERMIONE partners, UNEP-WCMC was able to showcase the 
important role that HERMIONE is playing to establish critical knowledge gaps around 
this emerging issue, alongside the challenges faced by researchers to collect and 
maintain samples from deep sea environments, and successfully recreate deep water 
conditions in the laboratory. As well as distributing the HERMIONE brochure to 
participants, UNEP-WCMC emphasized the critical importance of continuing to 
invest in research into the deep sea to better our understanding of the physiological 
thresholds for cold water coral species and ecological implications of ocean acidifica-
tion for these valuable ecosystems. The event was attended by around 70 partici-
pants. For more information on the CBD, or for a review of COP-10 outcomes, 
please visit: www.cbd.int/cop10/
HERMIONites highlight ocean acidification at the 
Convention of Biological Diversity (COP10), Nagoya, Japan.
A stable isotope (13C)-labeling experiment was performed to quantify the importance of bacterial carbon as a food source for an 
Arctic deep-sea nematode community. Bacterial functional groups were isotopically enriched with 13C-glucose, 13C-acetate, 
13C-bicarbonate, and 13C-amino acids injected into sediments collected from 1280 m depth at 79uN, 6uE, west of Svalbard. 
Incorporation of the 13C label into bacterial phospholipid-derived fatty acids (PLFAs) and nematodes in the top 5 cm of the 
sediment was monitored over a 7-d period. The 13C dynamics of nematodes was fitted with a simple isotope turnover model to 
derive the importance of the different bacterial functional groups as carbon sources for the nematodes. The different substrates 
clearly labeled different bacterial groups as evidenced by differential labeling of the PLFA patterns. The deep-sea nematode 
community incorporated a very limited amount of the label, and the isotope turnover model showed that the dynamics of the 
isotope transfer could not be attributed to bacterivory. The low enrichment of nematodes suggests a limited passive uptake of 
injected 13C-labeled substrates. The lack of accumulation suggests that the injected 13C-labeled dissolved organic carbon 
compounds are not important as carbon sources for deep-sea nematodes. Since earlier studies with isotopically enriched algae also 
found limited uptake by nematodes, the food sources of deep-sea nematodes remain unclear.
Nutritional importance of benthic bacteria for deep-sea nematodes from 
the Arctic ice margin: Results of an isotope tracer experiment
Guilini, K. et al. (2010) Nutritional importance of benthic bacteria for deep-sea nematodes from the Arctic ice 
margin: Results of an isotope tracer experiment. Limnol. Oceanogr., 55(5), 2010, 1977–1989
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The discovery of chemosynthetic based ecosystems at hydrothermal vents in the late 1970’s led to a concerted effort by 
geologists, biologists and chemists to understand these systems. Further discoveries of chemosynthetic environments at 
cold seeps, mud volcanoes and associated with massive organic inputs in the deep ocean only increased interest and 
research effort. Driven by seepage, these oases of life are highly dynamic and essential for the biodiversity on the deep 
ocean floor. Due to their ephemeral nature quantification of the primary production is a challenging task. 
Whilst we are starting to understand the fundamental processes of these microbially mediated ecosystems, we are still 
missing information on the variations that affect these communities at different spatial and temporal scales. The 
development of observatories along with deployments of benthic chambers, to provide integrated information has become 
a reality with the recently emplaced systems at the Haakon Mosby mud volcano and the Lucky Strike hydrothermal field 
by the EC and the Neptune array by Canada. Nevertheless, although we are progressing in understanding the dynamics of 
these ecosystems, we are still lacking in robust sensors for some of the key drivers of these environments. We will highlight 
new data from the new observatories and in situ experiments as well as some of the up to date sensor technology under 
development, with interpretation of that data as part of the SENSEnet, ESONET and HERMIONE FP7 European projects. 
This session welcomes input from scientists involved in the field of observatory operations and in situ sensor development.
For more information, please contact:
Doug Connelly: d.connelly@noc.soton.ac.uk
Dirk de Beer: dbeer@mpi-bremen.de
Jozée Sarrazin: jozee.sarrazin@ifremer.fr
Please see the link below for submitting an abstract
http://meetings.copernicus.org/egu2011/abstract_management/how_to_submit_an_abstract.html
HERMIONITES! A special session is being held at EGU 2011 on chemosynthetic environments...
BG7.1. Observing deep sea chemosynthesis in situ: 
observatories and sensors in the ocean. 
Convener: Douglas Connelly | Co-Conveners: Dirk de Beer, Jozée Sarrazin
European Geosciences Union General Assembly 2011
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We are pleased to announce that the next HERMIONE annual conference will 
be taking place between 11 – 15 April 2011 at the Hotel Gran Elba Estepona, 
Malaga.  Details about the meeting will follow over the next few weeks, and the 
call for abstracts will open shortly, but in the meantime, please take a look at the 
website (http://www.hoteleselba.com/en/hotel-elba-estepona/) and mark it in 
your diaries!  
As last years image competition received such a great number of entries of a 
superb calibre, we will be holding another “annual image competition” at next 
years’ meeting.  Next year’s competition will also have a video category...as long as videos are HERMIONE related, the 
sky’s the limit... Get creative...!
HERMIONE annual meeting 2011
All that remains to say is...
Have a very Happy Christmas!
See you next year!
